ABSTRACT. Changes in the distribution of retinal ganglion cells (RGCs) were studied using the retrograde labeling of DiI in chicks and chick embryos. The small retinal area filled with labeled RGCs was observed in the retinal fundus on E8. The labeled retinal area expanded radially toward the peripheral retina as the retina grew, and finally occupied a whole retina by P1. The temporal retina was labeled more rapidly than in the nasal retina. The observed-increasing rate of the labeled area was corrected with the growing rate of the retina. Consequently, the corrected-increasing rate of the labeled area was estimated to be about 390% between E8 and E11, and 20-50% after E11. This means that spreading speed of the maturated RGCs lowered until 1/10-1/20 after E11. KEY WORDS: chick embryo, maturation, retinal ganglion cell.
In the chick retina, RGCs appeared first in the small region dorsal to the apex of the optic fissure on E2-3 [6] [7] [8] 10] , and the newly born RGCs were added to the peripheral margin [3] . The first axons left the retina at E3 [6, 9] and arrived at the tectum by E6-E8 [4, 5] . However, our knowledge about how the distribution of RGCs changes in the maturation process of RGCs has not been accumulated so much. In this study, we attempted to examine the changes in the distribution of maturated RGCs (sending axons to the optic nerve) using a DiI axon-tracing technique.
Chick embryos E8 (8 days of incubation), E11, E14, E17, E20 and chicks P1 (post-hatching day 1) were perfused with 1% paraformaldehyde in 0.1 M phosphate buffer (pH 7.4, 4°C) (White Leghorn). Chicks and E20-embryos were perfused under deep anesthesia (pentobarbital sodium, 45 µg/g BW) [1] . Eyeballs attached to the optic nerve were dissected from the orbit by cutting the optic nerve close to the optic chiasm. Small crystals of carbocyanine dye, DiI (1,1'-dioctadecyl-3,3,3',3'-tetramethylindocarbocyanine perchlorate; Molecular Probes, Eugene, OR) were implanted in the caudal cut-surface of the optic nerve [2] . The eyeballs attached to the optic nerve were incubated in the same perfusion solution (pH 7.4, 37°C) for 3-6 weeks and examined under the fluorescence microscope (excitation filter 540 nm, absorption filter 590 nm, Olympus). Labeled RGCs and their distributions were recorded on highly sensitive film (Tmax ISO 3200, Kodak) using an × 20 or × 40 objective. The sizes of labeled retinal area and whole retina were measured by an image analysis system (Luzex III, Nireco Co., Tokyo, Japan). The position of the presumptive central area of retina (pCA) was deduced only from the position of the pecten.
The labeled retinal area extended gradually with the incubation period, but the extent was relatively constant for a period of 3 to 6-week incubation on the same embryonic age. Incubation over than 6 weeks resulted in slow but sure decline of labeling quality by labeling of background. On E8, a small retinal area just dorsal to the dorsal part of the pecten was intensively labeled together with optic nerve fibers (Fig. 1) . The retinal area of 19.2 mm 2 was labeled (2.6 mm temporally and 2.0 mm nasally from the pCA, only 6.2% of the total retina area). In older embryos, the labeled retinal area expanded radially toward the peripheral retina. On E11, the intensively labeled retinal area extended more nasotemporally (6.2 mm nasally and 7.0 mm temporally from the pCA) rather than dorsoventrally (5.3 mm dorsally and 5.5 mm ventrally from the pCA). The labeled retinal area occupied 106.1 mm 2 of the retina (29.4% of the total retinal area, Fig. 2 ). On E14, the labeled retinal area was oval in shape and expanded as far as 211.1 mm 2 (52% of the total retinal area, Fig. 3) . Most of the retinal area was labeled by E17 (332.5 mm 2 , Fig. 4 ). However, approximately 30% of the retina still remained as an unlabeled area, and almost all of which was found in the nasal retina. The whole retina, 417.8 mm 2 (99% of the total retina area), was labeled until E20. Magnification factors in each interval, E8-E11, E11-E14, E14-E17, E17-E20, were 5.5, 2, 1.6, and 1.3, respectively. These data indicate that the labeled retinal area increased on a large scale between E8 and E11, while the increase was rapidly reduced after E11.
Figs. 1-4. Each figure shows the retinal drawing (center) demonstrating the area labeled with DiI (hatching) and photomicrographs demonstrating (A-F) the marginal zones of the labeled area indicated in the retinal drawings in squares on E8 (Fig. 1) , E11 (Fig. 2) , E14 ( Fig. 3) and E17 (Fig. 4) . Bars at the retinal drawing and photomicrograph F in Fig. 1 . The abscissa and ordinate represent the interval of development and an increasing rate of the labeled area (%), respectively.
As described above, the labeled retinal area, which sent axons to the optic nerve, extended toward the peripheral retina with different magnification factors according to embryonic ages. However, we have to remember that the retinal size grows unevenly by embryonic ages. According to our previous data, the retinal size increased rapidly until E14, and after that, it progressed gradually [3] . Then, it is necessary to correct the present data on the increasing rate of the labeled retinal area with the growing rate of the retina. The corrected-increasing rate of the labeled retinal area was obtained by deduction of the growing rate of the retina from the observed-increasing rate of the labeled retinal area ( Table 1 ). The results show that after E11, spreading speed of maturated RGCs (sending axon to the optic nerve) lowered until 1/10-1/20 of that in younger embryos (Fig. 5) .
